Abstract: Superparamagnetic Iron Oxide Nanoparticles (SPIONs) 
Introduction
Superparamagnetic iron oxide nanoparticles have a broad spectrum of applications, from contrast agent in Magnetic Resonance Imaging (MRI) 1, tracer in Magnetic Particle Imaging (MPI) 2,3 for medical diagnosis up to specific cancer therapies, such as hypothermia or drug-loaded particles 4. Although in patients most of the particles are metabolized within hours or days, very small particles may endure in some parts of the body for several weeks. Therefor it is important that the particles are stable over a long time without forming agglomerates. In a former study, the stability of the SPIO Nanoparticles was analysed in different media at pH values varying from 4.6 to 10.0 at room temperature 5. Here, SPIO nanoparticles were kept at 37 °C in PBS and characterized over 6 weeks with three different methods to analyse their hydrodynamic and core diameter.
Methods
Synthesis of SPIO Nanoparticles: SPIONs were synthesized using alkaline precipitation 6. By drop wise addition of 150 ml 7,5 % base ammonia NH 3 at 2-4°C, iron hydroxide precipitates. Through heating the solution for one hour at 80°C, the iron hydroxide gets reduced to iron oxide, Fe 3 O 4 while dextran encloses around the particles (Fig. 1) . After synthesis, the particles are centrifuged for size separation and dialysed against H 2 O. For the measurements with photon cross-correlation spectroscopy and atomic force microscopy, the particles were diluted in phosphate The SPIONs were kept in 3-ml-cuvettes at 37 °C for 6 weeks and characterized three times a week through the following methods:
Photon Cross-Correlation Spectroscopy (PCCS):
The hydrodynamic diameter of the diluted SPIONs was measured by PCCS (Sympatec, Germany). The key principle of PCCS is a 3D cross-correlation technique. In a special scattering geometry, the cross-correlation of the scattered light allows for reliable separation of single and multiple scattered fractions. PCCS is using two separate beams for the illumination of the same measuring volume creating two separate speckle patterns. The intensity fluctuations are observed by two detectors positioned in a way, that identical scattering vectors are used. Now the cross correlation function of the two signals is used to monitor the dissolution of the near-order. The slope represents the particle size as for PCS. The amplitude represents the amount of single-scattered intensity [7] .
Magnetic Particle Spectrometer (MPS):
The iron oxide core diameter of the concentrated SPIONs was determined by the MPS (Fork Labs, Germany). To characterise the SPIONs a harmonic alternating field is used for excitation of the particles. The measurement of the magnetization of the particles in a receiving coil is carried out indirectly via the voltage induced therein. All measurements are made at an excitation frequency of 25 kHz. It is here used that SPIONs possess a nonlinear magnetization [8] .
Atomic Force Microscopy (AFM):
The second method to estimate the core diameter of the SPIONs was based on AFM (DME, Denmark). AFM consists of a cantilever with a sharp tip at its end that is used to scan the specimen surface. When the tip is brought into proximity of a sample surface, forces between the tip and the sample lead to a deflection of the cantilever according to Hooke's law. The AFM was operated in the dynamic non-contact modes where the cantilever is vibrated. The feedback mechanism is employed to adjust the tip-to-sample distance to maintain a constant force between the tip and the sample [9] .
Results and Conclusion
The synthesised particle solution had an iron concentration of 75mmol/l and the diluted solution had an iron concentration of 3.75mmol/l, measured by Prussian blue staining. The hydrodynamic diameter of the SPIONs, stored at 37°C for 6 weeks was measured by PCCS. The particles, diluted in PBS at pH7.2 showed a constant hydrodynamic diameter between 120nm and 145nm over the 6 weeks. However, the particles stored at pH6.2 showed a dramatic increase of the hydrodynamic diameter after 2 weeks. After 30 days, the diameter increased 10-fold compared to the beginning (see Fig. 2 ). The strong increase of the particle's hydrodynamic diameter d h at pH6.2 suggests aggregation of the particles. These aggregations were also observed as precipitates in the stored cuvettes, shown in Fig. 3 . The iron oxide core diameter in the concentrated particle solution was measured by MPS. The diameter was relatively constant over the 6 weeks measurement and did vary between 16nm and 18nm (Fig. 4) . Additionally, the core diameter of the diluted SPIONs at pH7.2 and pH6.2 was analysed with AFM. The pictures show the surface structure of dried particles on mica sheets (phyllosilicate), where the dextran coat is dried out, so that just the surface structure of the iron oxide core remains. The pictures showed that the core size distribution of the particles was not perfectly homogenous, but did vary from smaller particles around 10 nm up to 17 nm core diameter (see Fig. 5, upper part) . After 30 days of incubation at 37°C, the particles showed larger aggregates of the iron oxide cores. The particles, stored at pH7.2 had a diameter up to 40 nm, whereas the particles stored at pH6.2 already formed aggregates up to 100nm (see Fig. 5 , lower part). The SPIONs diluted in PBS at pH7.2 showed a stable d h over the 6 weeks. At pH6.2 a dramatic increase of the hydrodynamic diameter after 2 weeks could be observed.
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